The endovascular treatment of acute ischemic stroke has become a standard procedure. The combination of multiple neuroendovascular devices provides more possibilities for the improvement of the thrombectomy technique. We describe a modified retrieval technique using a distal intracranial catheter (DIC) for the semi-retrieval of stentriever during the thrombectomy procedure. The retrograde semi-retrieval technique involves completely unfolding the stent retriever by pulling a Navien catheter and the partial re-sheath of a retrievable stent forming a tapered configuration by pushing the Navien catheter, which results in the thrombi being embedded into the strut, securing the clot within the stent and there being a shorter distance for the clot to travel. This technique may lessen the occurrence of thrombus fragmentation and injury to the vessel wall. The retrograde semi-retrieval technique is an optional thrombectomy technique that may improve the efficiency of this procedure in the treatment of acute ischemic stroke.
Introduction
Thrombectomy by stent retriever has been widely used for endovascular treatment of acute ischemia stroke, which has been reported to improve the procedure's effectiveness and safety. However, dislodging the embolus or generating clot debris during the procedure may lead to complications. 1 These are deemed to be the most common procedure-related complication of mechanical thrombectomy that potentially disrupt the blood supply to the penumbra and result in a poor outcome. 2 The combined use of a stent and other adjunctive techniques such as continuous clot aspiration by distal intracranial catheter (DIC) has been recommended to improve recanalization rates and lessen the occurrence of the thrombus being dislodged. 3 During the retrieval process, which covers a distance from the clot site to the tip of the DIC, both fragmentation or loss of the thrombus and injury to the vessel wall can be still caused by the movement of the stent retriever. In fact, using the DIC is likely to offer underlying advantages against a thrombus migration except for the aspiration. For instance, it is technically easy to advance the DIC via tension from the stent delivery wire while the stent anchors distally and remains stable. The characteristics of the DIC could be taken full advantage of before removing the clot. Therefore, a modified technique was devised to re-sheath the stentriever partially by pushing the DIC rather than relying entirely on pulling the stent to retrieve the complex of the stent and clot, which was termed the retrograde semi-retrieval technique.
Technical note
A Navien catheter can be advanced as distally as possible to provide better support for the deployment and retrieval of the stent. A 0.021 inch rebar microcatheter (Covidien, Mansfield, MA) was delivered over a 0.014 microwire (MicroVention Traxcess) to cross the occlusion. Then, the microwire was removed, and a microinjection through the microcatheter lumen was performed in order to visualize the extent of the occlusion distally. A Solitaire flow restoration stentriever (Covidien; 6 mm Â 30 mm) was inserted through the microcatheter and deployed from the distal end to the proximal end, across the site of the occlusion by retracting the microcatheter under fluoroscopic control. Then, during the unsheathing of the Solitaire device, the aspiration catheter was pulled to a lower position in order to achieve full expansion of the stent. Once fully deployed, a control angiogram was performed via the guide catheter in order to assess the immediate recanalization effect, and the device was kept in place for five minutes to allow the clot to become embedded in the stent. Next, the aspiration catheter was pushed to cross the ostia of the anterior cerebral artery and approach the occlusion site while the stent became stable in situ, instead of pulling the stent retriever back entirely into the aspiration catheter. In other words, the retriever device was conversely re-sheathed by the Navien catheter from the proximal end to the distal end ( Figure 1 ). After this partly re-sheathing process, the stent was withdrawn into the Navien catheter completely. Meanwhile, continuous manual aspiration was applied using a 20 mL syringe attached to the Navien catheter. Subsequently, the stent and Navien catheter were slowly withdrawn together as a complete assembly.
Illustrative case
A 65-year-old woman with a history of atrial fibrillation, hypertension and diabetes mellitus was admitted to our comprehensive stroke centre one-and-a-half hours after the onset of right hemiparesis and aphasia. Physical examination disclosed mute aphasia, right facial paralysis and hemiplegia. The National Institutes of Health Stroke Scale (NIHSS) score was 16. A computed tomography (CT) scan showed a hypoattenuation of the left caudate and lenticular nucleus and insula (Alberta stroke program early CT score (ASPECT): 7). Intravenous rt-PA was administered at 0.9 mg/kg beginning two hours and 18 minutes after symptom onset. The thrombectomy procedures were performed under sedation. After an 8 F sheath was placed into the femoral artery, diagnostic fourvessel digital subtraction angiography was performed to assess vessel occlusion and collateral flow to the affected vessel territory. After the location of the intraluminal thrombus was confirmed by angiography, a triaxial approach with a Navien catheter was performed. A 8 F guiding catheter was placed into the proximal internal carotid artery under road-mapping guidance. The DIC was advanced into the middle cerebral artery. After a manual aspiration was performed with the Navien catheter, complete recanalisation was not achieved because of a high clot burden. The stent retriever was deployed using the retrograde semi-retrieval technique (Figure 2 ). Complete recanalisation was then achieved in one pass.
Discussion
With the advancement of technology, new catheters have been developed to provide safe intracranial navigation and reach more distal positions than previously guiding catheters. 4 Recently, several intermediate guide catheters, such as the 5MAX ACE (Penumbra, Alameda, CA), the DAC 057 (Stryker, Fremont, CA) Figure 1 . Schematic representation of the retrograde semi-retrieval technique for thrombectomy. (a) First, the Navien catheter can be advanced as distally as possible to provide better support for the deployment of a stentriever. Then, during the unsheathing of the Solitaire device, the aspiration catheter can be pulled to a lower position in order to achieve full expansion of the stent. (b) Next, the aspiration catheter was pushed to cross the ostia of the anterior cerebral artery, and the retriever device was conversely re-sheathed by the Navien catheter from the proximal end to the distal end in order to increase the efficiency of grasping the clot and shortening the distance to withdraw the stent. and the Navien 058 catheter (Covidien), have been shown to touch the proximal part of the clot, improving the endovascular management of acute ischemic stroke. The distal intracranial catheter not only provides a stable platform for the stent retriever, but can also be used to remove the clot by aspirationknown as the direct aspiration first-pass (ADAPT) technique. 5 The Navien 058 catheter, as a type of DIC or intermediate catheter, has a distal outer diameter of 5 F and an inner lumen of 0.058 inch. It has been used in acute ischemia stroke, and can be advanced into the middle cerebral artery. However, the use of this device to re-sheath a stent retriever during thrombectomy has rarely been reported.
This device plays multiple protective roles in the mechanical thrombectomy conducted in this study. First, the aspiration catheter across the main vessel branches proximal to the embolic occlusion site had the important function of protecting against the dislocation of the clot into the artery, which is similar to the previous description about the thrombectomy technique. Different from the previous study, an over-sized stent (6 mm Â 30 mm) was used in this case for more successful clot retrieval. Thus, the Navien catheter needs to be withdrawn into the internal carotid artery with the guarantee of full deployment of the stent. The catheter was again pushed up to the face of the lesion, which actually resulted in reverse re-sheathing of the stent.
Second, the retrograde partial retrieval of the stentriever could be helpful in entrapping a thrombus in the stent and preventing the thrombus from being dislodged. Several experimental studies have demonstrated the interaction between the stent and the clot. 6, 7 After successful deployment of the stent retriever, the thrombus can be compressed onto the vessel wall and embedded by the strut of the stent several minutes later. The clot is captured by encasing the stent struts and then removing it by pulling the stent device. During the course of retrieval, there is the possibility of the thrombus being dislodged or fragmented, resulting in distal embolization. 8 The retrograde resheathing of stent by DIC causes a shortening of the route distance and time of clot retrieval, decreasing the possibility of disengagement or losing the whole clot. More importantly, the re-sheathing of stent by DIC results in the expanded device becoming a tapered shape with shrinking interstices between struts, which might lead to an increase in the interface between the stent and clot, improving the efficiency of grasping the thrombus.
Moreover, a recent experimental study about arterial injury of the stent device has demonstrated that the stent retriever device can cause injury to the endothelium during mechanical thrombectomy. 9 The vessel-wall injuries incurred during stent-retriever thrombectomy can be detected utilising contrastenhanced 3 T vessel-wall magnetic resonance imaging, especially in an oversized stent relative to the target vessel. 10 While pulling the stent retriever, there is the possibility of arterial injury associated with procedurerelated complications such as perforation or dissection of the arteries in the path through which the stent retriever passes. These adverse events could prolong the procedure and result in a poor outcome. 11 The tapered stent resulting from the partial retrieval manoeuvre decreases the outward force of the expansion, which may has a beneficial effect in avoiding injury to the artery by lessening the friction between the vessel and the stent.
In this study, the retrograde semi-retrieval by Navien catheters contributed to fast and complete recanalisation. Besides the distal access support and direct aspiration of a Navien catheter, the push and pull of a Navien catheter was used to deploy fully and partly re-sheath a stent retriever, resulting in the potential for multiple benefits, including transcending the important branch vessel, increasing the efficiency of grasping the clot, shortening the distance of withdrawing the stent and mitigating endothelial injury. These advantages are crucial for a good clinical outcome in patients with acute stroke.
